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The reaction of loblolly pine (Pinus tBedB L.) bark tannins with sodium hydrogen sulphite gave sodium
epicatechin- (4,8) -sulphonate (1) and sodium epicatechin- (4,8 -+ 8) -epicatechin- (4,8) -sulphonate (2) in high
yield with only a minor amount of sodium 1-(3.4-dihydroxyphenyl)-2-hydroxy-3-(2.4.6-trihydroxyphenyl)-
propane-1-sulphonate (3).
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Table 1. Sel~ted IIC n.m.r. chemical shifts (in p.p.m.) for sulphon-
ated flavan derivatives and related compounds..
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since dimeric and trimeric procyanidins possess poor tannin.
properties..' Applied as wood adhesives. it is apparent that
the decrease in polymer size during sulphonation would
require higher proportions of cross-linking agents in order to
obtain cured resins. The ease with which epicat~hin-4-
sulphonate is formed sugests that the sulphonation of COD-
densed tannins may provide a route to the production of
valuable phenols from this abundant renewable resource.
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C-4-sulphonates were also isolated in about 6% yield. The
constitution of the sulphonate dimer (2) was derived from its
lac n.m.r. spectrum and from degradation studies. Treatment
of (2) with an excess of phlorOliucinol under acidic conditions
lave epicatechin-(4.B -10- 2)-phloroalucinol (4) and (1). With
phenylmethanethiol, (2) gave epicatechin-(4.B>-benzyl sulphide
(5) and (1). The C-SO.Na function is resistant to substitution
since treatment of (1) with either phloroglucinol or phenyl-
methanethiol in the p~ of acetic acid resulted in T«Overy
of only starting materials.

The lac n.m.r. spectra of (1) and (2) show the C4 bearina
the sulphonate moiety as a resonance at about 8 61.0 p.p.m.
(Table I). The upfield shift (ca. 3.1 S p.p.m.) of the C-2 reson-
ance of the epicatechin unit in both (1) and (2) shows that the
sulphonate &roup must be trans to the 3-hydroxy group
because of the y-gauc~ effect betwen the axial proton at C-2
and the sulphonate group at C-4.11

Also isolated, but in much lower yield (ca. I %), is the pyran
rin& opened product, sodium 1-(3,4-dihydroxYphenyl)-2-
hydroxy-3-(2,4,6-trihYdroxyphenyl )propane-l-sulphonate (3).
This compound was previously shown to be a prodUCt of the
reaction of ( + )-catechin with sodium hydrogen sulphite' and
evidently results from sulphonation of catechin generated from
the terminal unit of the polymer. No other C-2 sulphonated
products were isolated. The chemical shift of C-2 bearing a
sulphonate function ocx:urs at 871.4 p.p.m. (Table 1), and is
sufficiently isolated from other sianals to have been readily
observed. Additionally, the reaction of epicatechin-(4.B -10- 8)-
catechin (6) with sodium hydroaen sulphite gave sodium
epicatechin-(4.B)-sulphonate (1), catechin. and ~nt-epicat«hin
only. As in the reaction of ( + )-catechin with sodium hydrocen
sulphite, epimerization of catechin with the production of ent-
epicatechin clearly predominates over the formation of 2-
sulphonate derivatives.

The marked improvement in water solubility of tannin
isolates and the reduction in solution viscosity resulting from
sulphonation of condensed tannins can now be expjained by
cleavage of the interflavanoid bonds with the generation of
lower molecular weight procyanidin-4-sulphonate derivatives.
These results also emphasize the importance of restricting the
severity of this reaction in production of leather tanning aaents~
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